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1  | INTRODUCTION
Urolithiasis or the presence and formation of urinary concrements 
has already been observed and studied in different age groups of 
pigs. In sows, urolithiasis has been associated with inflammation of 
the urinary bladder mucosa (Wendt, Lappe, & Bickhardt, 1996). In 
a boar, obstructive urolithiasis and bladder rupture have been de‐
scribed (Baumgartner & Loupal, 1983). In neonatal piglets, a specific 
form of uric acid urolithiasis is well known and related to starvation 
soon after birth (Kakino, Sato, & Naito, 1998; Windsor, 1977). The 
occurrence of urolithiasis in weaned pigs has been described with‐
out defining the aetiology (Smyth, Rice, Kavanagh, & Collins, 1986). 
So far, information on the condition in fattening pigs from commer‐
cial pig herds is scarce. Urolithiasis in male finishing pigs has been 
reported as a cause of increased mortality in the affected herds due 
to urethra obstruction (Maes, Vrielinck, Millet, Janssens, & Deprez, 
2004). It was shown that stones with a diameter of approximately 
0.5 cm are life‐threatening to fattening pigs. They can pass from the 
bladder into the urethra and obstruct the urethra, which can eventu‐
ally result in rupture of the urinary bladder. The presence of uroliths 
 
Received:	9	March	2019  |  Revised:	2	July	2019  |  Accepted:	3	July	2019
DOI: 10.1111/jpn.13169  
O R I G I N A L  A R T I C L E
Prevalence and chemical composition of uroliths in fattening 
pigs in Belgium
Joris Vrielinck1,2  |   Steven Sarrazin2 |   Alexandra Schoos2 |   Geert P. J. Janssens2 |   
Dominiek Maes2
1Veterinary Practice, Ieper‐Elverdinge, 
Belgium
2Faculty of Veterinary Medicine, Ghent 
University, Merelbeke, Belgium
Correspondence
Joris Vrielinck, Veterinary Practice, 
Hospitaalstraat 38, 8906 Ieper‐Elverdinge, 
Belgium.
Email: Joris.Vrielinck@UGent.be
Abstract
The present study investigated the prevalence of uroliths in fattening pigs and as‐
sessed the composition of these urinary tract concrements. In total, 2,432 urinary 
bladders were sampled in the slaughterhouse and checked for abnormal content. 
Urinary samples were analysed microscopically, and samples of the urinary blad‐
der wall were tested for histological signs of inflammation. The composition of the 
concrements was examined by infrared spectrophotometry. Macroscopic and mi‐
croscopic abnormalities were detected in 8.4% and 52.8% of the samples respec‐
tively. Magnesium ammonium phosphate (struvite), calcium oxalate dihydrate (COD), 
calcium carbonate (calcite), calcium oxalate monohydrate (COM) and amorphous 
crystals	were	detected.	Analysis	of	stones	showed	COD	in	all	samples	 in	different	
proportions. The calcium content of examined stones was always considerable (up to 
34%), in contrast to the magnesium content which represented max 1.9%. Struvite 
was found in one third of the samples, but was never part of stones and grit. COD 
crystals were the second most common microscopic crystal. These COD crystals and 
some COD stones had a rectangular shape, and therefore, they can be harmful to 
the bladder mucosa. In conclusion, uroliths are present in a large proportion of male 
fattening pigs, and consequently, urinary concrements pose a life‐threatening risk for 
urethra obstruction in male pigs. Further research is warranted to identify potential 
risk factors for urolithiasis and microscopic crystals.
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in the urinary tract is mostly an incidental finding at the slaughter‐
house or during necropsy of suddenly died pigs with urethra ob‐
struction, bladder rupture and an uroabdomen (Maes et al., 2004; 
Smyth et al., 1986).
Despite the occurrence of abnormal urinary bladder contents and 
their importance for animal health and performance, many aspects 
of the epidemiology and pathogenesis in pigs have not yet been fully 
investigated. Dietary and environmental factors play an important 
role in the development of uroliths, since diet influences the urine 
composition and pH (Dogliotti et al., 2013; Grases, Costa‐Bauza, & 
Prieto, 2006; Kienzle, 1991; Parivar, Low, & Stoller, 1996). Sufficient 
water supply and consumption will also decrease the concentration 
of urinary solutes and increase their solubility (Moe, 2006).
Three predominant theories were postulated in the past to ex‐
plain the pathogenesis of urolithiasis in animals (Kienzle, 1991). In 
the crystallization theory, enhanced urinary excretion of urinary 
salts and/or a reduction in the urine volume leads to supersatu‐
ration, the driving force for crystal formation. In the ensuing nu‐
cleation process, free ions can associate to microscopic particles 
or crystals. Besides this free particle crystallization process, fixed 
particle crystallization process can develop on normal or damaged 
cells in renal tubules or on bladder wall cells (Ratalkar & Kleinman, 
2011; Rodgers, 2017). Crystallization in supersaturated urine is 
the first step since urinary stones cannot develop without this 
preceding crystallization process (Rodgers, 2017; Tiselius, 2011). 
In the matrix theory, the presence of different organic substances 
like proteins, lipids, polysaccharides, cell‐derived materials, bac‐
teria can act as a nidus for urinary concrement formation. Organic 
matrix is always involved in the second step of urinary concre‐
ment building, as it serves as the binding agent in the aggrega‐
tion of crystals to larger particles. The third theory emphasizes 
the importance of lack of urinary inhibitors for crystallization. 
Organic and inorganic anions like citrate and pyrophosphates, the 
multivalent cation magnesium, macromolecules as osteopontin 
and Tamm–Horsfall proteins can inhibit or delay the stone forming 
process (Ratkaldar & Kleinmann, 2011).
The two objectives of the present study were to determine the 
prevalence of uroliths in male fattening pigs at macroscopic and mi‐
croscopic level and to assess the chemical composition of the uroliths.
2  | MATERIAL AND METHODS
2.1 | Selection of herds and animals
Fifty pig farms, randomly selected from client farms of a veterinary 
practice located in the western part of Belgium, participated in the 
study. The inclusion criteria were willingness of the farmer to partici‐
pate and the presence of at least 150 slaughtered fatteners per batch. 
The goal was to collect urinary bladders from approximately 50 male 
pigs per farm. Only the bladders of boars or barrows were selected 
since the urethra in these animals is long and narrow, which allows 
enough urine to remain in the bladder after the slaughter process.
P I C T U R E  1   Turbid urine with sandy aspect at palpation (grit) 
P I C T U R E  2   Urinary bladder stone (diameter 1.5 cm) consisting 
of 75% calcium carbonate and 15% calcium oxalate dihydrate (FT‐IR 
analysis). Careful examination reveals an agglomeration of multiple 
smaller stones
P I C T U R E  3   White smooth sludge consisting of struvite 
and carbonate apatite
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2.2 | Macroscopic evaluation of the 
bladder and sampling
After	excision,	the	selected	bladders	were	opened	with	a	pair	of	scis‐
sors and a homogeneous urine sample (1.5 ml) was collected and 
transferred	to	an	Eppendorf	tube	for	later	analysis.	After	removal	of	
the supernatant, abnormal content became visible. It was classified 
into three categories: grit (Picture 1), stones (Picture 2) and white 
smooth, sludge‐like sediment (Picture 3). Grit develops in urine when 
crystals grow and aggregate into larger macroscopically visible parti‐
cles. When these particles are not excreted in the urine and further 
aggregate, they can become stones with a diameter of different size 
(Ratkaldar & Kleinman, 2011). The macroscopic evaluation of the 
white sediment or sludge does not allow a differentiation between 
an inorganic mineral composition and organic elements such as de‐
tritus of cells, pus or semen.
Samples of nine selected bladders of pigs originating from differ‐
ent farms were taken for histological examination: one intact bladder 
wall, three with grit content, three with stones of different number 
and	size,	and	two	with	white	smooth	sediment	inside.	A	biopsy	was	
performed and the samples were fixed in formalin for histopathol‐
ogy. The biopsies were taken at the ventral side of the bladder wall 
where the contact and rubbing with calculi or grit is more intense. 
Consequently, microscopic lesions should be more frequent in that 
area and can be detected easier.
A	selection	of	stones	(n = 6), grit (n = 6) and amorphous sediment 
(n = 3) was sampled to determine the composition of the macromin‐
erals calcium and magnesium.
2.3 | Microscopic analysis of samples
Urine analysis was performed on fresh urine as the cooling of uri‐
nary samples can promote the formation of various types of crystals, 
which are not representative for the in vivo situation (Osborne et al., 
1990). Within 1–2 hr after the slaughterhouse visit, urine samples 
TA B L E  1   Prevalence of macroscopic findings in the bladder of 
male slaughter pigs (n = 2,432) from 50 different pig herds
Average (%) Min (%) Max (%)
Overall 8.4 0.00 51.00
Stones 4.6 0.00 31.00
Grit 2.7 0.00 18.00
White sludge 1.1 0.00 14.00
F I G U R E  1   a, b Within‐herd prevalence 
of the macro‐ and microscopic findings 
of urinary bladder content in slaughtered 
pigs (herds 1–25: Figure 1a, herds 26–50: 
Figure 1b). With peaks of more than 90% 
of the urinary samples, the microscopic 
prevalence of crystals is much higher 
than the macroscopic prevalence. The 
prevalence of the macroscopic and 
microscopic findings in the herds is not 
going hand in hand, since some herds 
show only few macroscopic findings; 
however, a lot of urinary crystals are seen
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
In
ve
st
ig
at
ed
ur
in
ar
y
bl
ad
de
rs
Herd
Macroscopic Microscopic
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
In
ve
st
ig
at
ed
ur
in
ar
y
bl
ad
de
rs
Herd
Macroscopic Microscopic
(a)
(b)
4  |     VRIELINCK Et aL.
were examined for microscopic abnormalities in the laboratory. The 
urine samples were placed in a StatSpin VT rotor (Beckman Coulter) 
and centrifuged for 45 s at 9,800 rpm. Subsequently, the supernatant 
was removed, and the remaining sediment was applied on a slide and 
inspected under two magnifications (100× and 400×). The labora‐
tory identification guide for urine crystals in domestic animals from 
Osborne et al., (1990) was used for interpretation of the sediment.
2.4 | Histological examinations
The samples of the urinary bladders were stained with haematox‐
ylin–eosin (HE) and examined under the light microscope as well 
as under the polarization microscope. Specific attention was paid 
to the presence of inflammatory cells and epithelial damage due 
to uroliths.
2.5 | Analysis of uroliths
Uroliths were analysed by semiquantitative fourier‐transform‐infra‐
red‐spectrophotometry (FT‐IR analysis) to obtain a FT‐IR spectrum. 
The technique used is based on the absorption of infrared rays by all 
mineralogical substances. The absorbed wavelengths are specific for 
the materials, and consequently, the infrared spectrum obtained can 
serve as a “fingerprint” for the composition of the material. High‐in‐
tensity IR absorption bands indicate a strong presence of a substance 
in the calculus, in contrast to IR bands of lower intensity, which in‐
dicate a poor presence of a specific substance (Manning & Blaney, 
1986; Sofia, Ionescu, Grecu, & Preda, 2010). Finally, the spectrum 
was compared to a standardized spectrum library for biomaterials. 
F I G U R E  2   a, b Macroscopic 
prevalence regarding the three categories 
of abnormal content: stones, grit and 
white smooth sludge (herds 1–25: 
Figure	2a,	herds	26–50:	Figure	2b).	A	
lot of variation exists between farms. 
Macroscopically, stones were found in 
32 out of 50 herds, and grit was found in 
23 herds and smooth sludge in only eight 
herds
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TA B L E  2   Prevalence of microscopic findings in the bladder of 
slaughter pigs (n = 2,432) from 50 different pig herds
Average (%) Min (%) Max (%)
Overall 52.8 7.00 92.00
Struvite 29.5 0.00 90.00
COD 22.2 2.00 66.00
Amorphous 8.4 0.00 48.00
Calcium carbonate 5.4 0.00 46.00
COM 0.2 0.00 2.00
Urates 0 0.00 0.00
Note: Abbreviations:	COD,	calcium	oxalate	dihydrate;	COM,	calcium	
oxalate monohydrate.
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All	 analyses	of	 the	uroliths	were	performed	at	 the	Department	of	
Medical Sciences of the Faculty of Medicine and Health Sciences of 
Ghent University in Belgium.
3  | RESULTS
3.1 | Macroscopic findings in the urinary bladders
In total, 2,432 bladders were included in the study. The mean sample 
size per herd was 49 bladders, with a minimum and maximum sample 
size of 28 and 58 urinary bladders.
The prevalence of all macroscopic abnormalities of the bladders 
was 8.4%, whereof stones, grit and amorphous white sediment rep‐
resented 4.6%, 2.7% and 1.1% respectively (Table 1). The within‐herd 
prevalence ranged from 0.0% in case of no macroscopic findings to 
51.0% in a very severely affected farm (farm 18, Figure 1a,b). Urine 
collected from intact or immunocastrated boars had always a white 
turbid appearance due to retrograde ejaculation during the slaughter 
process.
Single stones between 1 mm and 15 mm in diameter as well as a 
lot of stones of different size were found. Detailed examination of 
the bigger stones revealed an aggregation of multiple smaller stones. 
In case of grit, the urine had a turbid appearance and a sandy aspect, 
in contrast to the white sediment, which felt smooth at palpation. 
The results of all macroscopic findings in the bladders from the ex‐
amined herds are shown in detail in Figure 2 a and b.
3.2 | Microscopic findings in the urinary bladders
Microscopic crystals were detected in 52.8% of all urine sediment 
samples. The minimum within‐herd prevalence was 7.0%, and the 
maximum was 92.0% (Table 2, Figure 1a,b).
P I C T U R E  4   Struvite, three‐ to six‐sided colourless coffin 
lid prisms (magnification ×100) 
P I C T U R E  5   Calcium oxalate dihydrate: octahedral‐
dodecahedral crystals with 'envelope' shape (magnification ×100) 
P I C T U R E  6  Amorphous	microscopic	material	(magnification	
×100) 
P I C T U R E  7   Calcium carbonate: spheroids with radial striation 
or dumbbell shaped (magnification ×100) 
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Magnesium ammonium phosphate (struvite) and calcium oxa‐
late dihydrate were the most common crystals present in 29.5% and 
22.2.% of the samples respectively. Struvite crystals appear in urine 
as three‐to six‐sided colourless coffin lid prisms (Picture 4), while 
COD crystals are octahedral or dodecahedral crystals with a typi‐
cal	“envelope”	shape	(Picture	5).	Amorphous	crystals	were	found	in	
8.3% of the samples. Since amorphous crystals are shapeless under 
microscopic examination (Picture 6), the exact composition of these 
substances cannot be determined visually. Calcium carbonate crys‐
tals were found in 5.4%. They are spheroids with radial striations 
or are dumbbell shaped (Picture 7). Calcium oxalate monohydrate 
(COM) crystals were found in only 0.2% of the samples. They appear 
as small spindles or are dumbbell shaped. The results of all micro‐
scopic findings in the examined herds are shown in Figure 3a,b. In all 
urine sediment samples of intact or immunocastrated boars, sper‐
matozoa were detected.
3.3 | Histopathology
The bladders with the white sediment showed a normal bladder 
wall, while in bladders with COD stones and grit, epithelial damage 
and loss of epithelium in the proximity of abnormal structures were 
observed. Using the polarization microscope, these abnormal struc‐
tures could be defined as crystalloid structures (Pictures 8 and 9).
3.4 | FT‐IR analysis of calculi and chemical 
content of stones, grit and amorphous sediment
An	FT‐IR	analysis	of	stone	and	grit	samples	showed	that	there	were	
different proportions of COD in all samples, ranging from 15% up to 
pure COD stones. Combinations of COD with calcite and carbonate 
apatite were also detected. Struvite in combination with carbonate 
apatite was always part of the macroscopic amorphous sediment. The 
F I G U R E  3   a, b Microscopic findings regarding the different urinary crystals (herds 1–25: Figure 3a, herds 26–50: Figure 3b). Struvite and 
calcium oxalate dihydrate (COD) crystals were the most detected crystals. COD was found in all the herds (50/50), struvite was found in 47, 
amorphous material in 40, calcium carbonate in 18 and calcium oxalate monohydrate (COM) in four out of 50 herds 
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average calcium and magnesium contents of the stones and grit were 
28.8% and 1.0% respectively. The minimum and maximum contents 
for calcium were 18.9% and 34.1%, and 0.5% and 1.8% for magnesium.
4  | DISCUSSION
The first objective of the study was to determine the prevalence of 
uroliths in slaughter pigs from commercial pig herds, the second ob‐
jective the determination of the chemical composition of the mac‐
roscopic and microscopic uroliths. To our knowledge, this is the first 
study that describes the prevalence of uroliths in slaughter pigs at 
macroscopic and microscopic level.
The prevalence at microscopic level (52.8%) was much higher 
than the prevalence at macroscopic level (8.4%). The stones and 
grit were calcareous with COD as principal component, whereas 
microscopically the struvite crystals were most frequently seen in 
our study. In spite of the lower prevalence of the macroscopic find‐
ings, stones and grit were still present in 7.3% of the bladders of all 
animals examined. The formation and detection of urinary crystals 
does not systematically lead to grit or stone formation since crys‐
tal formation is regarded as a natural process in case of low urine 
production and a high urinary solute excretion (Daudon, Frochot, 
Bazin, & Jungers, 2016). This likely explains the much higher 
prevalence at microscopic level. Remarkably large differences in 
prevalence were observed between farms for macroscopic and 
microscopic urinary findings. Whereas there were farms with no 
abnormal findings, two farms showed a prevalence of 40% and 
45% bladders containing stones and grit. So far, no common nor 
distinct factors, which might explain this high prevalence, could 
be identified. It suggests a large variability of predisposing factors 
for urolithiasis, such as water supply and diet composition, which 
needs further investigation.
Because the formation of crystals is an necessary first step in 
stone formation, this process should be independent of gender. In 
the present study, we focused only on male pigs for two reasons: 
(a) urethra obstruction in pigs only occurs in male animals and (b) 
the collection of urine after the slaughter process is only possible 
in male pigs. Bladders of sows after slaughter do not contain suffi‐
cient urine for collection and further examination. The macroscopic 
prevalence after the slaughter process is likely higher compared to 
examinations in the farm, since grit and stones are not necessary 
expelled during micturition and certainly not in males. So, more ab‐
normal urine will be detected in the slaughterhouse. The selection 
of only male animals in this study did likely not influence the micro‐
scopic prevalence, as one can expect that male and female pigs get 
rid of crystals as easily. Microscopically, struvite was present in one 
third of all samples, and consequently, it was the most common crys‐
tal found. In our study, it was also a component of the macroscopic 
white sludgy material, but not from stones or grit. Struvite crystals, 
along with amorphous carbonate apatite, are known as crystals 
formed during urinary tract infections due to urease producing bac‐
teria (Bichler et al., 2002). The bacterial enzyme urease catalyses 
the	hydrolysis	of	urea	into	ammonia	and	carbon	dioxide.	Additional	
hydrolysis of ammonia and carbon dioxide results in the formation 
of ammonium and carbonate, the precursors for struvite and car‐
bonate	 apatite	 (Carpentier	 et	 al.,	 2009).	 A	 characteristic	 of	 these	
infection‐related uroliths is a rapid growth in alkaline urine (Miano, 
Germani, & Vespasiani, 2007). Under normal circumstances, ammo‐
nium is excreted by the proximal tubule cells in the kidneys as an 
adaptive response to an acid load, and concentrations are too low for 
massive struvite production (Miano et al., 2007; Rennke & Denker, 
2007). Besides ammonium, struvite crystallization requires also the 
presence of sufficient magnesium and phosphate with the urinary 
phosphate excretion in a central role (Kienzle, 1991). Consequently, 
it is unlikely that the finishing pigs were suffering from any form of 
P I C T U R E  8   Urinary bladder wall with loss of epithelium 
in proximity of abnormal structures (calcium oxalate dihydrate 
crystal; arrow) (magnification ×100) P I C T U R E  9   Bladder wall with crystalloid structures (arrow) 
(polarized light microscope, magnification ×100)
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bacterial cystitis. The prevalence of cystitis is higher in adult sows 
compared to male pigs because they are often housed individually 
for a considerable amount of time during the reproductive cycle and 
they have a short urethra. Both conditions increase the risk for as‐
cending infection with environmental faecal bacteria that colonize 
the vagina, urethra and the bladder (Smith, 1983).
The COD crystals were the second most frequent microscopic 
crystal. COD was present in all stones examined by IR spectropho‐
tometry, ranging from 2% to 100%, frequently together with calcite 
and/or carbonate apatite. It was surprising that COM was rarely ob‐
served microscopically. COM is mainly found in the case of increased 
oxaluria and a low urinary calcium to oxalate ratio, while COD is as‐
sociated with hypercalciuria and a high urinary calcium to oxalate 
ratio (Daudon et al., 2016). Previous studies in pigs detected calcium 
carbonate or calcite as predominant mineral type in urinary concre‐
ments (Inoue, Baba, Ogura, & Konno, 1977; Maes et al., 2004). In 
other species like horses, goats and rabbits, calcium carbonate is also 
a very common mineral type found in urinary concrements (Clauss 
et al., 2012; Kienzle, 1991; Neumann, Ruby, Ling, Schiffman, & 
Johnson, 1994; Nwaokorie et al., 2015). The precipitation of calcium 
carbonate in urine of rabbits causes a typical turbid, sludgy urine 
(Eckerrmann‐Ross, 2008). There is a higher risk for urinary calcium 
carbonate formation in case of a higher dietary calcium intake espe‐
cially in rabbits and horses (Claus et al., 2012; Kienzle, 1991). On the 
other hand, in humans, a higher dietary calcium intake is rather as‐
sociated with reduced risk for calcium concrements. Dietary calcium 
can bind to dietary oxalate and reduce the oxalate absorption and 
urinary excretion (Parivar et al., 1996; Taylor, Stampfer, & Curhan, 
2004). Whether these findings are also applicable to fattening pigs 
remains unclear.
Contrary to COD crystals which are formed in urine under con‐
ditions of neutral or more acidic pH, calcium carbonate or calcite is 
formed in alkaline urine. This may indicate that nowadays fattening 
pig feeds are formulated more “acidogenic” compared to the past or 
to feed for other animal species. In the EU, the use of benzoic acid 
in fattening pig diets is licensed to decrease the ammonia emissions 
from manure. Benzoic acid is metabolized in the liver and excreted in 
the urine as hippuric acid. Hippuric acid markedly reduces the urine 
pH (Kristensen et al., 2009). The lowering effect on the urine pH 
possibly favours the development of COD crystals and the inhibi‐
tion of calcite and crystals on a phosphate base. The assumption that 
hippuric acid acts as an inhibitor of calcium oxalate crystallization 
by forming complexes with calcium could not be confirmed (Laube, 
Jansen, Schneider, Steffes, & Hess, 2001).
Amorphous	crystals,	which	had	a	prevalence	of	8.4%	in	our	study,	
consist of a mixture of struvite and carbonate apatite. Carbonate ap‐
atite crystals and stones are calcium phosphates formed in alkaline 
urine and may contain variable amounts of carbonate ions. Massive 
carbonate production can also occur as a result of the presence of 
urea degrading bacteria. Determination by FT‐IR spectroscopy of a 
high carbonate/phosphate ratio (carbonation rate) in the carbonate 
apatite uroliths appears to be indicative of the involvement of infec‐
tions in the lithogenic process (Carpentier et al., 2009).
In the present study, neither uric acid crystals nor urates were 
found. Uric acid is one of the end products of the nitrogen metabo‐
lism in humans (Maiuolo, Oppedisano, Gratter, Muscoli, & Mollace, 
2016). It is also formed in most mammals including pigs by the deg‐
radation of nucleic acids. In contrast to humans, uric acid in pigs is 
further transformed by the liver enzyme uricase to allantoin and ex‐
creted in the urine (Kakino et al., 1998). Urates can only be found in 
the kidney and bladder of neonatal piglets that are hypoglycaemic 
because of insufficient colostrum and milk intake.
Fourier‐transform‐infrared‐spectrophotometry analysis of 
stones revealed mixed stone compositions, but struvite was not de‐
tected. This is in agreement with the fact that massive amounts of 
struvite crystals can only be formed in infected urine. It is not sur‐
prising that urinary stones can contain different components. Stones 
are a result of long‐term exposure to supersaturated urine from 
which the composition may vary over time. In contrast to stones, 
the microscopic crystalline findings are rather a snapshot related to 
the current state and composition of the urine. This may also explain 
why there is often a disagreement between the composition of the 
microscopic and macroscopic findings.
Chigerwe et al. (2013) analysed 50 uroliths of potbellied pigs 
with a median age of four years. Most of the uroliths had a phos‐
phate base: amorphous magnesium calcium phosphate 44%, apatite 
19%, struvite 15% and calcium oxalate or calcium carbonate only 
18%. The differences with the present study can be explained by dif‐
ferences in housing conditions (outdoor vs. indoor), age of the exam‐
ined animals, diet and possibly genotype. Feeding rations with high 
levels of phosphorus results in a higher urinary phosphorus excre‐
tion and formation of crystals (Kienzle, 1991; Wendt et al., 1996). In 
order to minimize environmental emission by manure, all participat‐
ing farmers in this study use low phosphate diets to raise finishing 
pigs. This explains the absence of macroscopic uroliths on a mainly 
phosphate base in fattening pigs.
After	incision	of	the	urinary	bladders,	no	macroscopic	damage	of	
the internal bladder wall was detected although microscopic damage 
was seen in case of COD stones and grit. This is not surprising since 
COD crystals and some COD stones have a rectangular shape and 
therefore can be more harmful to the bladder mucosa in comparison 
with round calcite and smooth amorphous crystals. Histologically, 
there was no evidence of cystitis either. However, only a limited 
number of bladders were examined. To confirm absence or pres‐
ence of any inflammation, more animals should have been examined. 
Cystoscopy of the bladder wall of sows with crystalluria showed in‐
flammatory lesions, and therefore, crystalluria was defined as a risk 
factor for urinary tract infections (Wendt et al., 1996). Compared to 
breeding sows, fattening pigs have a shorter lifetime (approximately 
6 months), allowing less time for inflammation lesions to develop.
In conclusion, the present study demonstrated that urolithiasis 
is common in slaughter pigs from commercial pig herds. The prev‐
alence at microscopic level (52.8%) was considerably higher than 
the prevalence at macroscopic level (8.4%). Struvite was the main 
crystal found, followed by COD. Research is warranted to identify 
potential nutritional and environmental risk factors for urolithiasis 
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and microscopic crystals, in order to control or prevent the condition 
and the associated health problems and production losses.
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